Background: The Asia Pacific Society of Infection Control launched its revised Guidelines for Disinfection and Sterilization of Instruments in Health Care Facilities in February 2017. This document describes the guidelines and recommendations for the reprocessing of instruments in healthcare setting. It aims to highlight practical recommendations in a concise format designed to assist healthcare facilities at Asia Pacific region in achieving high standards in sterilization and disinfection. Method: The guidelines were revised by an appointed workgroup comprising experts in the Asia Pacific region, following reviews of previously published guidelines and recommendations relevant to each section. Results: It recommends the centralization of reprocessing, training of all staff with annual competency assessment, verification of cleaning, continual monitoring of reprocessing procedures to ensure their quality and a corporate strategy for dealing with single-use and single-patient use medical equipment/devices. Detailed recommendations are also given with respect to reprocessing of endoscopes. Close working with the Infection Prevention & Control department is also recommended where decisions related to reprocessing medical equipment/devices are to be made. Conclusions: Sterilization facilities should aim for excellence in practices as this is part of patient safety. The guidelines that come with a checklist help service providers identify gaps for improvement to reach this goal.
Background
With increasing use of complex medical equipment in the healthcare setting, the challenge of ensuring adequate cleaning and disinfection of instruments is increasing. Outbreaks or incidents related to inadequate reprocessing of endoscopes have recently highlighted the urgency of ensuring excellence in practices at the sterilization or reprocessing department [1] [2] [3] [4] [5] [6] [7] [8] . The intent of this document is to highlight practical recommendations in a concise format designed to assist healthcare facilities at Asia Pacific region in achieving high standards in sterilization and disinfection. This document is a summary of the revised APSIC Guidelines for Disinfection and Sterilization 
Literature review and analysis
For the APSIC guideline, the workgroup reviewed previously published guidelines and recommendations relevant to each section and performed computerized literature searches using PubMed. Some examples of keywords used in search include sterilization, disinfection, endoscopes, sterilization guidelines, healthcare.
Process
The workgroup met on 2 occasions as well as discussed via email correspondences to complete the development of the guideline. Criteria for grading the strength of recommendation and quality of evidence are described in Table 1 . The draft was then submitted to two external reviewers, APSIC Executive Committee and national Infection Control societies in Asia Pacific. Comments obtained were then reviewed by the workgroup for necessary edits, following which the final copy was circulated for approval and endorsement by the APSIC Executive Committee and national societies from the Asia Pacific region.
Results
Recommendations for general principles [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Keeping an instrument safe for patient's use is the responsibility of all stakeholders. Refer to Table 2 for example of expected responsibility and accountability of each stakeholder.
Spaulding Classification System is used in determining appropriate level of reprocessing of patient-care items and equipment. The system classifies a medical device as critical, semi-critical, or non-critical on the basis of risk to patient safety from contamination on a device. The system also established three levels of germicidal activity (sterilization, high-level disinfection, and low-level disinfection) for strategies with the three classes of medical devices (critical e.g. implants, semi-critical e.g. bronchoscopes, and non-critical e.g. stethoscopes) respectively.
Best practices in reprocessing medical equipment/devices must include the following: Decisions related to reprocessing medical equipment/devices should be made by a multi-disciplinary Infection Prevention and Control Committee that includes the individuals responsible for purchasing the equipment/device, reprocessing the equipment/device, maintaining the equipment/device, infection prevention and control, occupational health and safety, and the end-user of the equipment/device.
It is strongly recommended that, wherever possible, reprocessing should be performed in a centralized area that complies with the physical and human resource requirements for reprocessing. Recommendations for facility design: Environmental requirements for reprocessing areas [19] [20] [21] [22] The CSSD size is appropriately designed with regard to anticipated volume. The central processing area(s) ideally should be divided into at least three areas: cleaning, packaging, and sterilization and storage. Physical barriers should separate the cleaning area from the other sections to contain contamination on used items.
Occupational exposure limits such as ceiling exposure value (CEV) for chemical agents (e.g. glutaraldehyde, ethylene oxide) are to be complied with in accordance to local environmental law. The health care setting must have air changes; temperature and humidity appropriate to the process/ product being used. In health care settings where there are dedicated central reprocessing areas, negative pressure airflow must be maintained in cleaning areas and positive pressure airflow must be maintained in clean areas and be monitored regularly. If monitoring is done centrally externally, the CSSD should be alerted when relative humidity or temperature are out of specified range so that immediate necessary actions can be taken.
1.
The cleaning work area must be physically separated from clean areas by walls or partitions. (IIA) 2. Reprocessing performed outside the CSSD must be kept to a minimum and must be approved by the Infection Prevention and Control Committee or those accountable for safe reprocessing practices and must conform to the requirements for reprocessing space.
(IIIB) 3. Wherever chemical disinfection/sterilisation is performed, air quality must be monitored when using products that produce toxic vapours and mists. (IA) 4. There must be a regular schedule for environmental cleaning in the CSSD that includes written procedures and clearly defined responsibilities. (IIB)
Recommendations for policies and procedures [23, 24] Policies and procedures must be established to ensure that the disinfection and sterilization processes follow the principles of infection prevention as set out by CDC, WHO or the country Ministry of Health. Completed policies and procedures should be reviewed and approved by the Infection Prevention and Control Committee. They must be readily accessible to staff doing the reprocessing. Review of reprocessing policies and procedures must take place at least annually. Recommendations for sterilization of reusable medical devices [43, 44] The sterilization method chosen must be compatible with the item to be sterilized to avoid damage and must be able to achieve 6 log reduction demonstrating sterility assurance. The sterilizer manufacturer's instructions should be followed for correct loading and operation of individual sterilizers. Chemical and biological methods of monitoring are to be designed for the purpose and stored and used in accordance with the indicator manufacturer's instructions for use. Sterilization is a process not an event.
Routine monitoring (physical, biological and chemical monitoring) is done to verify the function of sterilizers and the sterilization process. Monitoring is done when a sterilizer is first installed before it is put into general use and to assess routine performance thereafter as recommended in the IFUs. Performance monitoring using all three types of monitors must be completed in all sterilizers to ensure that effective sterilization has been achieved.
Routine monitoring consists of monitoring every package and sterilization load, sterilizer efficacy and periodic product quality assurance testing.
As a minimum the following monitoring should be carried out for loads including medical devices; Recommendations for release to sterile storage and distribution to point of use [13] Procedures for the review of records and release of the medical devices from the sterilizing processes are to be specified and documented. The following visual checks need to be completed at a minimum; a. Packaging used is suitable for the sterilizing process and is the correct size for the device sterilized b. The pack is labelled correctly to identify the contents, the seal is intact and the processing chemical indicator has a correct change c. The cycle parameters are achieved and signed as having been checked d. Loads containing biological indicators are quarantined until the results are known and recorded. The load can be released when there is a no growth result on the processed BI PCDs if used, are read and correct e. There is no visible moisture or droplets.
No device should be released if criteria have not been met. The recall policy and procedure must be followed where there are non-conforming sterilized devices.
Information collected as part of the release of sterilized devices should form part of the traceability records so that the patient can be tracked back to the process. IUSS devices should be released in the same way as devices going through the usual processes. Recommendations for calibration and maintenance of reprocessing equipment [13] Instrumentation used to control or monitor reprocessing equipment, e.g. timers, gauges and temperature monitoring devices, shall be recalibrated regularly to prove their accuracy, at least annually and immediately prior to requalification.
Preventative maintenance should be carried out in accordance with the equipment manufacturer's instructions for use. To achieve this, a qualified individual should carry out maintenance of the equipment. Particular attention should be given to inspection, maintenance and replacement of components subject to normal wear and tear such as recording devices, filters, steam traps, drain pipes, valves and door gaskets. A schedule for maintenance and the work carried out shall be maintained for each piece of reprocessing equipment. Recommendations for reprocessing endoscopy equipment/devices [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] Due to the complexity of their design, flexible fibreoptic and video endoscopes ('semi-critical endoscopes') require special cleaning and handling. Since flexible bronchoscopes and cystoscopes are entering a sterile cavity, it is highly recommended that these be sterilized; however, if they are not compatible with sterilization, high-level disinfection is the minimum requirement. Individuals responsible for reprocessing endoscopes require training and must meet the health care facilities written endoscope processing competency requirements, which include on-going education and training.
To minimize the immediate risk, it is recommended to adhere to current endoscope reprocessing guidelines where pre-cleaning is done with aim to decrease organic load especially at the elevator with any one of the following methods for reprocessing duodenoscopes (priority ranked): Recommendations for education and training [19] The manager and all supervisors involved in reprocessing must, as a minimum, have completed a recognized qualification/certification course in reprocessing practices. A plan must be in place for each person involved in reprocessing to obtain this qualification. It is strongly recommended that continuing education and or re-certification be obtained at a regular interval. All staff involved in reprocessing of medical equipment/devices must be supervised and shall be qualified through education in a formally recognized course for sterilization technology, training and experience in the functions they perform shall be provided at regular intervals and periodic competency assessment all orientation, training and continuing education is documented. 
Conclusion
We recommend sterilization facilities to aim for excellence in practices in following aspects:
1. Handling, collection and transport of contaminated instruments 2. Cleaning and decontamination processes 3. Instrumentation inspection, preparation & packaging 4. Sterilisation and monitoring 5. Sterile storage and distribution 6. Documentation 7. Facility Design A checklist for self-assessment is included in the guidelines to help service providers identify gaps for improvement in the above aspects. The APSIC CSSD Centre for Excellence Award is run by APSIC where the aim is to promote excellence in compliance to standards for sterilization practices at the CSSD in hospitals at the Asia Pacific region. A CSSD is deemed as a Center of Excellence when it fulfills the criteria listed in the APSIC Self-Assessment Framework (see Additional file 1: Appendix). The center not only delivers quality disinfection and sterilization services but is also committed to education and research and takes a leadership role to help and support other CSSD institutions in their implementation of CSSD education programs.
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